The possibility of improving the properties of the standard polymeric and a water-based coating for military camouflage protection by adding nanoparticles of inorganic fulerene-like tungsten disulphide (IF-WS 2 ). Nanoparticles were added and dispersed in paint by ultrasonic irradiation. The paints were applied to standard steel plates, and dried, for examinations of chemical resistance to agressive media and of the following physical-mechanical properties: hardness, flexibility, elasticity, abrasion resistance, resistance to steel balls impact and adherence. These properties were compared for paint without and with IF-WS 2 nanoparticles. The effect of adding IF-WS 2 on rheological properties of the paints has been examined using Dynamic Mechanical Analysis (DMA), observing viscosity as a function of the shear rate. Camouflage properties were also examined -IR reflection and colorimetry. Significant improvements of mechanical resistance to abrasion and steel balls impact, as well as hardness, have been achieved
Introduction
OATINGS are mainly used for decorative, protective or functional purposes, but the combination of all is the most common in coatings application. When we talk about the functionality of one coating system, the term functional refers to a certain ability of the coating, such as self-cleaning, easyto-clean, antifouling, antibacterial and anti-flammable features [1] . Another functional characteristic of one coating system may be camouflage protection. Nanomaterials, having high surface area, are proven to enhance physical, chemical, mechanical, optical and magnetic properties of materials in which they are added, which can result in exploitation of a variety of structural and nonstructural application. Different nanoparticles can be used as fillers in paints for improving their wear-resistance, erosionresistance and corrosion resistance [2] . Transition-metal dichalcogenides (MoS 2 , WS 2 , NbS 2 , etc.), due to their excellent mechanical properties, are used for a wide range of applications, including aerospace and automotive technology, load bearing and release mechanisms, as solid lubricants, corrosion protection etc [3] [4] [5] [6] [7] [8] [9] [10] . In the form of inorganic fullerene-like particles, with unique morphology, spherical and closed structure, they possess a chemical inertness and a high elasticity. Due to these exceptional characteristics, inorganic fullerene-like particles, such as tungsten disulfide IF-WS 2 , are recognized as promising materials and promising fillers of the composites and are extensively studied for their ability to control wetting, adhesion, lubrication on surfaces and interfaces, and to achieve good corrosion protection and wear resistance, thus, they may be used as an addition for different types of protective coatings [11] [12] [13] .
Spectrophotometric measurements are wildly spread in characterization of dyes whether it measured their absorbance, reflectance or other properties [14] , whether we use this dyes for colouring metals or textiles [15] . These measurements can give us valuable information regarding colour coordinates of dyes as well, which are their main characteristics, especially when it comes to military camouflage paint. Incident radiation is reflected or both reflected and refracted at a coating surface. Both reflection and refraction are dependent on the refractive indices of the two media. A description of the mirror-like reflection or specular reflection at the surface of the coating is termed gloss, as distinct from the reflectance of the coating which is also dependent on pigments and fillers in the coating [16] . Specular reflection is strongly increased by leafing pigments such as metal flakes. Gloss is principally dependent on the angle of incidence and the smoothness of the surface, being high for smooth surfaces and low for irregular surfaces. Infrared radiation entering a paint coating is refracted at the interface before encountering the pigment and filler particles. The radiation is partially reflected and partially refracted at the surfaces of these particles and in normal pigmented paints the process of multiple reflection and refraction thoroughly C diffuses the beam. A proportion of this radiation propagates back to the coating surface where it leaves in all directions. Diffusion of radiation arises from a large number of essentially random scattering events and the overall diffusion process is simply termed "scattering" [16] .
In this paper, the possibility of using IF-WS 2 nanoparticles as a filler in a two-component black polyurethane coating (PUR black) and in a two-component water-based dark green paint (PUR dark green) for military camouflage protection is examined and the properties of paints with and without nanoparticles were compared and analyzed, regarding the requirements of military standards concerning paint coatings. Water-based paints have low VOC (volatile organic compound) concentration, so they are eco-friendly substitute for common polymeric coatings, which is very important nowadays for their further usage. Moreover, an accent has been put on the examination of mechanical and chemical resistance of these paints, having in mind that this kind of coatings are often used in severe conditions of exploitation ( Figure 1 ). In the end, the effect of IF-WS 2 nanoparticles on spectrophotometric properties, i.e. on the camouflage ability of paints is examined. All the experimental procedures were carried out in the Military Technical Institute in Belgrade, Department for Materials and Protection. 
Materials and experimental procedure
Inorganic fullerene-like tungsten disulphide nanoparticles (NanoLub™, d 25°C ~ 7.5 g/cm 3 ) were added into the standard polymeric and a water-based coatings for military camouflage protection. Two-component polyurethane paints from the manufacturer PITURA, Belgrade, were used. For PUR black, the added concentration of nanoparticles was 1 wt.%, and for PUR dark green, the concentration was 0.5 wt.%.
After adding nanoparticles to isocyanate component of the paint, dispersion and particle deagglomeration were performed at the room temperature: -for PUR black -in ultrasonic bath for 45 min at the room temperature, -for PUR dark green -using ultrasonic processor Badelin SonoPuls, at 50 W of power, during 30 min. After nanoparticles deagglomeration, both components of the paint were homogenized on a mechanical stirrer during 30 min, and then paints were directly applied onto steel plates in thickness of a layer approximately 50 microns, and left to dry and cure during 24 hours at the room temperature (Fig.2) . Prior to painting, the plates were previously prepared: abraded using SiC paper to 120 grit and cleaned with acetone. The number and size of the steel plates are taken according to relevant military standards for examinations of military camouflage paints. 
Physical-mechanical testing
The examined paints with and without nanoparticles of IF-WS 2 were tested according to military stadards SORS 1564 (for standard polymer coatings), SORS 9404/15 (for waterbased coatings) and SORS 1634/03 [17] [18] [19] . The following properties were determined and analyzed: -Adherence-cross-cut test, using Elcometer device according to SRPS EN ISO 2409 [20] , -Elasticity -cupping test, using Erichsen 202 device, according to SRPS EN ISO 1520 [21] , -Hardness, according to König, Erichsen 399, -Resistance to steel balls impact, using Erichsen 273 D device ( Fig.3a) , -Flexibility -bend test (cylindrical mandrel), using Erichsen 266 device, according to SRPS EN ISO 1519 [22] , -Abrasion resistance, using Erichsen 251/I device (Fig.3b) . 
Resistance to aggressive media
The persistance of the examined camouflage paints in different aggressive media is tested. The steel plates with the paints applied were immersed in different liquids and dried afterwards. The liquids were: -water -sodium-chloride water solution (3.5 wt.%), -hydrocarbons mixture (80 vol.% of isooctane and 20 vol.% of benzene), -mineral oil (according to JUS TP.9 standard [23] ).
After required time in all these media, the steel plates were taken out, dried and observed in order to compare the appearence of the coatings after the exposure to agressive solutions.
Rheological behavior analysis
Dynamic mechanical analysis (DMA) of the investigated samples were performed using the Modular Compact Rheometer MCR-302 (Anton Paar GmbH) [24] , equipped with paralel plate fixtures for testing liquid samples (Fig.4) . The DMA tests, in order to evaluate the rheological properties of the tested paints, have included test of sheer stress dependence on shear rate and determination of viscosity (η).
Tests were performed at a chosen frequency of 1 Hz at the ambient temperature, which was approximately 20°C. 
Camouflage properties -IR reflection and colorimetry
The spectrophotometric measurements were conducted using the UV/VIS/NIR spectrophotometer UV 3600 from a Japanese manufacturer Shimadzu with an integrating sphere [25] . The reflectance was measured in the visible and nearinfrared area of the electromagnetic spectrum (650-1000 nm) using UV Probe programme package, while colour coordinates were measured in visible part of the electromagnetic spectrum (380-780 nm) using Colour programme package with 10° and D65 observer [25] . 
Results and discussion

Physical-mechanical properties
The comparative examinations results of PUR black and PUR dark green with and without IF-WS 2 according to the military standards are presented in Table 1 . (+) -meets the required criteria (-) -does not meet the required criteria * -both samples failed this test, but the result after same amount of sand is comapred
It may be observed that both paints, with and without nanoparticles, have good technological -application characteristics. Regarding the physical-mechanical resistance, the sample containing nanofiller has improved behaviour. Adherence, elasticity and flexibility of both samples have met the requirements of the standards.
Hardness is a superior for the sample containing IF-WS 2 . Resistance to steel balls impact was far better for the sample with nanoparticles. According to the standard, it is necessary that the coating applied on a steel plate resists the impact of 4500 steel balls, and, as shown in the table, PUR black with nanoparticles resisted the impact of 9500 balls -twice as much as the sample without nanoparticles. PUR dark green resisted the impact of 7500 balls.
Abrasion resistance is tested using a defined granulation of sand falling from defined height. The amount of sand for each coating sample is defined regarding the thickness of the tested coating, as litres of sand per layer thickness, multiplied with 0.1. In this research, for PUR black paint, both samples have failed, but for the comparison, the appearances of the samples after the same amount of sand are taken (after 1 litre of sand). It has been shown that the sample with nanoparticles has better abrasion resistance, and Fig.6 (a and b) illustrates this. The fact that both tested samples have failed this test may be a consequence of the paint layer thickness. For PUR dark green the samples with IF-WS 2 also have shown better abrasion resistance, although both samples have met the required criteria of the standard. Fig.6 (c and d) shows the appearance of the samples with and without nanoparticles, after the same amount of sand. In this case, it is the amount of 5 litres of sand, after which the surface of the coating without nanoparticles has been degraded. 
Resistance to aggressive media
Results of these examinations are given in the Table 2 . Both tested samples have met the criteria of the tests -the coatings are persistent in all the used agressive media.
Rheological properties
The results of DMA -curves of sheer stress as a function of shear rate, are presented in Fig.7 . The results indicate that an addition of IF-WS2 nanoparticles has an impact on the paints rheology -viscosity of the paint gets higher: paint without nanoparticles has viscosity n=29.62 mPa·s, and the paint containing 1 wt.% of IF-WS2 has viscosity n=71.77 mPa·s. It is expected that after dispersing submicron or nanosized materials into a polymer, its melt / dissolved viscosity will increase. This is due to the fact that the dispersion is accompanied by adsorption of a monolayer consisting of the polymer matrix. The specific surface area increases generally in reversal proportion to the particle size. In the above-mentioned case, when the particle of 1cm is micronized to 10 nm, the specific surface area increases million times. As the increase in the specific surface area directly influences such properties as the solubility and reaction rates of the particles [26] , incorporation of nanofillers in thermoplastics is generally associated to the significant increase in the melt viscosity, at least in the range of low frequencies [27] . Smaller the size of the particle, the greater the viscosity of the system [28] .
IR reflection and colorimetric results
Figures 8 and 9 show dependency graphs for diffuse reflection as the function of wavelength in the area of 650-1000 nm for the tested black and dark green tone, with and without nanoparticles.
According to the Serbian military standard for values of diffuse reflection in the visible-near infra-red region for the black and dark green tone, SORS 7511/11 [29] , all of the dyed samples have good and acceptable camouflage behaviour in the given area of electromagnetic spectrum. Moreover, the greater the reflectance value the better camouflage protection is, so in these terms for black tone, we would suggest usage of dye with nanoparticles. As seen in Fig.8 , there is a difference in the reflectance curve behaviour in the 800-950 nm wavelength area. This finding demands further physical and chemical analysis. Nevertheless, dye in which nanoparticles are added shows more uniformity in the given electromagnetic spectrum area and therefore we have another reason to believe that its application in camouflage protection could be beneficial.
Contrary to the results for the black tone, as seen in Fig.9 , there is no significant difference in the reflectance curve behavior for dark green tone regarding both types of dyes (with or without nanoparticles). Sample with nanoparticles shows less uniformity in the 800-950 nm wavelength area and the reflectance curve shows slightly greater values than the sample without nanoparticles. Both samples have a small maximum around 850 nm while sample with nanoparticles also has a minimum around 860 nm. These findings demand further physical and chemical analysis. In these terms another test has been performed and color coordinates have been measured. The results are presented in Table 3 . The main characteristic these data provide is so called ΔE difference which is a number calculated from the equation (1):
where L * Δ , a * Δ and b * Δ are differences between two given coordinates values. If the ΔE is less than 1, the difference between two paints is not visible to the observer's eye. In our case ΔE=0.81 for black tone and ΔE=0.32 for dark green tone. So, the observer's eye cannot see the difference between two black tone samples neither for two dark green samples.
To summarize, black tone with nanoparticles addition, as well as the dark green tone have better diffuse reflectance and the difference between the two samples is not visible to the observer's eye. Therefore, these results give us a reason to proceed with the examination and characterization of this type of nano modified paints.
Conclusion
Physical-mechanical properties of the polymeric coating used for military camouflage purposes were enhanced by adding IF-WS 2 nanoparticles in a small concentration (1wt.% and 0.5 wt.%). The hardness and the resistance to steel balls impact were improved for the samples with nanoparticles comparing to the sample without them. The adherence, elasticity and flexibility of both samples have met the requirements of the relevant military standards: the rheological behavior is in accordance with the expectations, while the abrasion resistance of both samples failed the test. However, abrasion resistance is significantly better for the sample containing nanoparticles of IF-WS 2 .
Both tested samples have met the criteria of the tests -the coatings are persistent in all the used aggressive media: water, salt water, mineral oil and a mixture of isooctane and benzene.
Rheological behavior of paints with nanofiller addition has shown, as expected, that viscosity increases with shear rate for the samples with nanoparticles.
Spectrophotometric examinations indicate that dyes with nanoparticles addition have better camouflage qualities and the difference between each pair of samples is not visible to the observer's eye. These obtained and presented results encourage application of IF-WS 2 as nanofiller in order to improve military paints resistance and general properties. These findings, also, give us a reason to proceed with the examination and characterization of coatings with IF-WS 2 . Having in mind that very good results have been obtained with low nanoparticles concentrations used in this presented research, it would be interesting to examine the possibility of using even lower concentrations of nanofiller, in order to achieve improved mechanical properties and to retain, or even improve, the required camouflage properties. 
